The interactions of (macro-)molecules with biological membranes underlies much of cell biology. This paper outlines many of the factors that must be taken into account in order to understand fully the nature of these interactions. These include some roles of the membrane potentials including features of the surface and dipole potentials. Several fluorescence detection technologies directed towards these are outlined that offer high-resolution experimental determination of the intermolecular interactions by measuring small changes of these potentials resulting from specific interactions of many kinds of molecular species. The possibilities for making single-cell spatial imaging measurements of such interactions is also described. Examples are used to indicate the feasibility of identifying and tracking localized interactions on the membrane surface in real-time. Some of this work points to the possibility that the membrane dipole potential spatially varies about the cell surface, particularly within membrane microdomains such as 'rafts'. Such variation is suggested to underlie the altered behaviour of signalling systems within rafts and offer the means of an additional level of biological control.
Intermolecular interactions with/within cell membranes and the trinity of membrane potentials: kinetics and imaging

Introduction: factors that influence (macro-)molecular interactions with membranes
All molecular interactions are essentially electrical in nature but manifest in a number of different ways within biological systems. One of the most pressing issues in cell biology therefore, is to measure these forces and characterize the various intermolecular interactions. The forces involved in molecular interactions with membranes were initially thought predominantly to be electrostatic and van der Waal's in nature, and large enough to counter KT that would lead to diffusion away from the membrane interface to the bulk medium. With this in mind, the principal theme of the present paper is directed towards the contributions that some ubiquitous physical properties of membranes play in these interactions and consequently in cellular functions. The main focus will revolve around the various types of physical (i.e. electrical) potentials associated with membranes. Particular attention will be placed on interactions in 'localized' regions within membranes such as within 'microdomains' (now referred to as 'rafts'; [1, 2] ). These structures are of major biological importance as their attendant (e.g. glycosylphosphatidylinositol-linked) proteins play significant roles in cell signalling and endo/exocytosis (e.g., see [3] ).
The host of molecules that interact with membranes underlies much of the process of cell biology and their study is a major challenge in both life and biomedical sciences. Perhaps surprisingly, a globally successful attempt to provide a rational (i.e. predictive) basis for understanding the totality of such interactions is yet to be achieved. This is not to say that the interactions of simple chemical moieties with membranes are not comprehensible, but when many such groups feature together in a single molecule, understanding their cumulative effect can become intractable. Thus larger macromolecules with their added degrees of freedom, including variable molecular geometries together with the spatial disposition of the physicochemical moieties, frustrates further any analysis. Another layer of complexity is also added as the membrane itself can by no means be considered a simple unitary or homogeneous phase. In our laboratory, for example, we take the view that as well as the non-polar nature of the membrane interior and the bulk aqueous medium, the water-membrane interface is essentially a distinct physical environment from the body of the membrane and the aqueous medium. Superimposed upon this is a 'trinity' of membrane electric potentials (see below) each of which may have unique effects on molecular interactions (e.g., see [4] ).
Such endeavours are also major preoccupations of the pharmaceutical industry, with their twin desires to have a truly rational basis for building membrane-permeant properties into therapeutic agents for drug-delivery purposes, as well as designing ligands for receptor-mediated signalling targets [such as G-protein-coupled receptors (GPCRs)]. These properties need to be optimized, not least because molecular species that are too 'membrane-philic' will have serious solubility problems and once in a membrane may not ever leave, leading to a diminished pharmaco-availability that compromises their practical therapeutic efficacy. Hence the pharmaceutical industries have assembled a large catalogue of the behaviour of molecules based on molecular properties that are available for 'drug design' (e.g., see [5] ). Typically, this process starts with the so-called LogP of a given compound to gauge its membrane affinity/penetration. This parameter is defined as the octanol/water partition co-efficient, but is essentially a 'lumped' phenomenological parameter; it incorporates the net effects of electric charge (i.e. coulombic interactions), polarity and hydrogen-bonding capacity (etc.; see below). For simple molecules, LogP offers a 'first guess' indicator of membrane affinity, but it falls well short of providing a rationale for the design of molecules with many and multifunctional physicochemical moieties, such as encountered in biological systems. Pharmaceutical researchers are also well aware of the shortcomings of simply taking LogP as the dominant indicator of membrane affinity/penetration and have developed more sophisticated analyses, such as the incorporation of Solvatochromic/hydrogen-bonding parameters into predictive models of the membrane penetration capabilities of pharmaceutical reagents [5] .
It is helpful to categorize molecules that interact with the phospholipid components of membranes separately from those that interact very specifically with the resident membrane proteins essentially as ligand-receptor docking reactions. To begin with, however, it is practical to clarify the general statements on the types of interactions that are most influential. Most therapeutic molecules, however, are much simpler than biological macromolecules; nevertheless, the physical parameters that underlie the intermolecular interactions are certainly present in each system, but defining the influence of individual parameters is not trivial, as each may depend not just on their abundance, but on their molecular location and intra-molecular interactions as well, i.e. due to the presence of other local functional groups.
White and Wimley [6] attempted to rationalize the multitude of possible reactions that could take place with the much more sophisticated macromolecular systems (i.e. peptides) when they interact with membranes. Since then a number of reviews have appeared to at least increase awareness of the potential complexities involved in this problem (e.g. see [7] ). The most evident of these, the hydrophobic effect, entropically 'drives' interactions between apolar groups and the membrane. But even this 'apparently' simple reaction possesses concealed complexities: Seelig and Ganz [8] , for example, analysed the binding of 2-ptoluidinylnaphthalene-6-sulphonate (TNS) to phospholipid membranes, and found it appeared to be driven by enthalpy and not entropy. Since the reaction was anticipated to be hydrophobic in nature, a 'non-classical' hydrophobic type of interaction was suggested. In a similar manner, we found that under some circumstances, exothermic binding enthalpies occur with the interactions of peptides with some membranes: with H values up to about 50 kJ/mol, but with a neutral binding entropy [9] . In these cases, therefore, an enthalpic contribution to the binding interaction may be invoked, and pointers to dipole interactions and/or dispersion seem necessary.
The complexity apparent when considering the equilibrium partition of biological macromolecules in a water phase into membranes is not simply additive, as 'emergent' properties appear to be associated with the much larger proteins, glycosaminoglycans and nucleic acids. These are complex issues involving manifold physical interactions (e.g., see [10] ). White and Wimley [6] , for example, reviewed concerns [11] that, because of their much greater molecular size than the solvent (aggravated by the fact that water is the smallest solvent), proteins and peptides may interact with very many solvent molecules and lead to underestimates of entropic changes on a mole fraction basis of the partition phenomenon. Sharp et al. [11] refer to revision of this as the Flory-Huggins Corrected Volume-Fraction (FHCVF) problem. On this basis, White and Wimley [6] re-analysed a substantial body of published partition data of peptides of a variety of sizes and properties, and found that they could only be reconciled in a logically consistent manner with appropriate thermodynamic parameters if FHCVF units were included. Thus the solvent-accessible surface area of delineated peptides has some bearing on how they may interact with membranes. In other contexts, Parsegian and colleagues [12] , in particular, have discussed this at some length in which they considered the (poly-)molecular 'hydration' and the complementary effect of this property of membranes to be enormously influential when considering their mutual intermolecular interactions.
There are a number of other factors which appear to have powerful influences on the interactions of molecules with membranes, and it is worth emphasizing the widely reported ability of peptides and proteins to undergo structural changes and adopt secondary structure motifs during contact with membranes (e.g. [13] ). A fairly ubiquitous feature of structural membrane biology concerns α-helices and one of the driving forces behind their formation is believed to be an avoidance of the energetic costs of peptide bond partition through hydrogen bonding. It has been reported that the free energy reduction per residue accompanying the folding of an α-helix peptide in the membrane interface is about 1.7 kJ · mol −1 , whereas a value of 2.5 kJ · mol
per residue has been observed for β-sheet formation by a hexapeptide model system [6, 7] . Thus many potential interactions need consideration for full descriptions of a (macro)molecule interaction with membranes can be defined.
In the following sections, the involvement of membrane potentials in molecular interactions with membranes will be outlined. The predominant body of the discussion will be concerned with interactions between molecules and cell membrane, but some comments will also be directed towards specific ligand-membrane receptor interactions.
The trinity of membrane potentials
At present, three types of electric potential are understood to be associated with membranes, as indicated schematically in Figure 1 . These have quite different origins and properties merit separate consideration. The 'membrane potential' for which there is most widespread awareness is associated with gradients of electric charge across the phospholipid bilayer. This transmembrane potential difference ( ϕ; or in line with the more consistent nomenclature of this review, φ m ) is relatively well documented and many reviews of its properties and importance to membrane biology are available (e.g. see [14] ); the remainder of this present review, therefore, will be concerned solely with the 'other' potentials. The second, known as the electrostatic (membrane) surface potential [(φ s ), arises from the incomplete quenching of the net excess electric charge found on the membrane surface; most biological membranes possess a net electronegative potential (typically around -30 mV). The existence of this potential has been established for some time and the underlying physical theory is well developed and robust (e.g. [15] ) with a congruency between other biological surfaces that possess such potentials [16] . A profile of how φ s 'decays' with distance from the molecular surface of the membrane is shown in Figure 1 . The final manifestation of a 'membrane potential' concerns the contribution that molecular polarizations or electrical dipoles associated with the carbonyl group and the oxygenbonded-phosphate components of most membranes make to the electrical properties of the membrane. In addition, individual molecules of water are thought to adopt an organized structure along the membrane surface by virtue of their permanent molecular dipoles and so may also make a contribution [17] [18] [19] [20] . These features are now described as the membrane dipole potential (φ d ) and occur at the membrane surface or perhaps just within what would be described as the body of the membrane, as indicated in Figure 1 . These dipolar groups are thought to be oriented in a way such that the hydrophobic interior of the membrane is positive with respect to the external aqueous phases, and φ d is thought to have a magnitude of several hundred mV [21] .
The factors that influence the dipole potential are not the same as those that affect the surface potential. Thus the ionic strength of the electrolyte surrounding the membrane, whilst having a profound effect on the surface potential, has no direct effect on the magnitude or extent of the electrical influence of the dipole potential. It appears, however, that the solvation pressure and the dipole potential may be connected [17, 18] , hence media ionic strength may influence φ d through this agency. Accordingly, structured water adjacent to the membrane also involved in contributing to the dipolar potential will undoubtedly be affected by solvation pressure. Similarly, if reorganization of molecular dipoles on the membrane are likely to affect their contribution to the potential, it is possible that integral and peripheral membrane proteins may also both influence, and be influenced by, such molecular dipoles [18, 19, 22] .
The dipole potential, however, is both the least well documented and, relatively, the least well understood, of all The spatial profile of the electrostatic surface and membrane dipole potentials are illustrated. A phospholipid bilayer is typically 4 nm across, thus a typical membrane would be represented on the plot as occurring at ±2 nm. The dipole potential is shown as that potential with positive peaks and the surface potential with electronegative peaks. The form of the potentials are symmetrical as the membrane is considered symmetrical; real (biological) membranes are likely to possess asymmetric potential profiles. The value of the dipole potential may be taken from [21] , and the Figure is consistent with these estimations; however, the profile indicates an attempt to deduce the form of the fields computationally (J. Cladera and P. O'Shea, unpublished work; [4] ).
of the membrane potentials. The appearance and influences that it may play in particular biological processes, therefore, remains somewhat poorly appreciated. Evidence is accumulating, however, that indicates, that this manifestation of a 'membrane potential' is likely to be at least as influential as the others (e.g. [23, 24] ).
Membrane potentials and molecular interactions; measurement and mutual connection
Among the techniques developed for obtaining electrical details of membranes, those using spectroscopic probes (e.g. see [25] ) have been the most productive, but there have been many problems with mobile (i.e. soluble) spectroscopic probes that migrate with the magnitude of the electric potentials, etc. We have addressed many of these problems and introduced the use of a family of fluorophores attached to a phospholipid molecule. These have the advantage of being virtually non-invasive, as they essentially do not perturb the integrity of the membrane and may be used at very low concentrations. One such probe molecule, fluorescein phosphatidylethanolamine (FPE), has proved to be a remarkably versatile indicator of the electrostatic nature of the membrane surface in both artificial and cellular membrane systems [26] [27] [28] [29] . FPE is sensitive to changes in the surface potential φ s at the membrane-solution interface shown in Figure 1 , because the fluorescent moiety of the FPE lies precisely at the molecular surface of the membrane in intimate contact with this interface. Any changes in the number of net surface charges at the membrane, such as from the binding of a charged solute or for example an oligopeptide or protein lead to alterations of φ s : the concentration of a charged species at the membrane surface is:
and when combined, with the Henderson-Hasselbalch equation, yields upon rearranging:
(N.B. where pH = −log(c H,F ), while c F and c HF denote the concentrations of the dissociated and protonated species of an acid-base pair, respectively [27] . The quantity pK − F φ s /(RT ln 10) can be considered as an apparent pK for proton binding of the acid-base pair on the membrane surface. Eqn (2) indicates that the protonation state c B /c HB of the probe is altered if φ s changes at constant pH, which results in a change in the fluorescence yield. Thus addition or loss of net charges to the membrane surface are indicated as changes of fluorescence.) A simpler expression of eqn (2) may be given as follows: pK S = pK B + φ s (see [27] ), in which pK S and pK B represent the acid-base indicator moiety located, respectively, at a membrane surface in the presence and absence of a significant φ s . This technique has been utilized to measure the interactions of charged molecules such as Ca 2+ , peptides and proteins with synthetic and biological membranes with great sensitivity (for a review, see [4] ). By implementing this in studies with stopped-flow rapid-mixing fluorimetry, it has also proved possible to explore the early events during the interactions of peptides and proteins with artificial membrane systems and with cells [4, 9, 23, 27] .
Since the membrane dipole potential φ d was essentially the last membrane potential to be appreciated, techniques designed to make measurements have not become either as well established or as diverse. Nevertheless, experiences with measurement strategies for the other potentials has meant that measurements of φ d are at least as sophisticated as those used for other membrane potentials. Recently, a series of potentiometric fluorescent indicators have been introduced that are thought to operate via electrochromism [20] . Loew's group, in particular [30] , introduced the use of 1-(3-sulphonatopropyl)-4-[β[2-(di-n-octylamino)-6-naphthyl] vinyl]pyridinium betaine (known as di-8-ANEPPS). The use of these fluorescent probes has been successfully applied to the measurement of φ d using dual-wavelength ratiometric fluorescence methods. This method forestalls problems arising from small differences in dye concentration between different membrane samples, changes of membrane fluidity, bleaching or the influence of light scattering on the fluorescence measurements [20] .
The excitation spectrum of di-8-ANEPPS in phosphatidylcholine membranes is significantly altered when cholesterol or the sterol analogues 6-ketocholestanol (KC) or phloretin are added to membranes. Our group has emphasized that systematic variations of lipid components lead to membranes that exhibit a different membrane dipole potential 'poise' [23] . From the point of view of exploring the effects of the dipole potential on the behaviour of molecules as they interact with the membrane, therefore, these reagents are also enormously useful; an increase of the membrane dipole potential occurs due to the presence of KC and a decrease caused by phloretin. Thus, by signifying changes of the membrane dipole potential, di-8-ANEPPS may be used to indicate the interactions of some macromolecules with membranes [19, 23] , as illustrated in Figure 2 . Its worth emphasizing, however, that the small changes of the dipole potential due to a molecular interaction are detectable using the fluorescent probe, but that changes of the dipole potential also may elicit changes of their molecular interaction with the membrane (see [23] ).
The ratiometric spectrum obtained following the exposure of a membrane labelled with di-8-ANEPPS to amphipathic peptides yields a spectral shift similar in profile to that obtained with KC, and a time course of the interaction of the peptide with the membrane is also simple to measure [19] . Furthermore, we were able to show that the dipole potential also has an effect on the structure of the peptide within the membrane. We also measured a decrease of the membrane dipole potential caused by the interaction of the human and simian immunodeficiency virus fusion peptides with model membranes [31] . It was deduced from our findings that the magnitude of φ d is influenced by peptides which insert at least partially into the membrane, since experiments with other hydrophilic and non-amphipathic sequences (e.g. bacitracin and penetratin; unpublished work with Dr. J. Cladera) led to a much lower level of perturbation.
Comparable studies may be performed with cellular systems, as outlined by Asawakarn et al. [23] . And, in an identical manner, data shown in Figure 2 indicate that a comparable measurement strategy may be directed towards studies of much larger protein membrane interactions in cell membrane systems. In this case, the interactions of serum albumin with the Caco2 cell line are described. By plotting the extent of the ratiometric signal change against the concentration of the serum albumin added, it is possible to determine the membrane binding affinity of the protein.
By poising the cell membranes at different levels of φ d (by treatment with KC, phloretin and cholesterol; see [23] ) it is also possible to determine the effect of the φ d poise on the interaction of albumin with a plasma membrane receptor. In the example shown in Figure 2 , the effects of KC (or cholesterol), which raises the dipole potential, augments the binding reaction with albumin. Treatment with phloretin or removal of cholesterol, however, diminishes the binding reaction. This is very much in line with similar studies using other defined ligands of the p-glycoprotein described by Asawakarn et al. [23] . Thus φ d appears to modulate the properties of the membrane receptor; in this case, it is ligand binding but additional unpublished studies also show that enzymic functionality may be also affected.
All the studies described above yield solely the behaviour of populations of membrane systems as either well-defined, monodisperse phospholipid vesicles or of cell suspensions (typically around 5000 cells · ml −1 are utilized). Fluorescence detectors, however, are enormously versatile and so a number of single cell imaging systems may also be brought to bear using essentially identical experimental protocols [4] .
Spatial disposition of membrane potentials; quantitative imaging
The last decade or so has seen an enormous increase in the applications of various types of imaging technologies to biological problems and many of these technologies involve fluorescence microscopy in its many guises. Measurements of any spatial variations over the cell surface of the transmembrane potential difference φ m has been achieved using fluorescent probes in a dual-excitation or emission mode (Molecular Probes TM Catalogue): this is the only type of membrane potential which has been interrogated in any kind of routine manner, although with the escalating usage of probes such as FPE to measure the surface potentials, this is changing [4] . Similarly, by utilizing appropriate probes (e.g., di-8-ANEPPS), such imaging procedures have been extended to visualize the φ d . To date, however, there have been few reports of measurements of the spatial imaging of the membrane surface potential φ s . With this latter hiatus in mind, and as well as introducing the use of the FPE-family of φ s indicators of both artificial and cellular membranes, our group has explored similar applications in an imaging mode. Figure 3 , for example, indicates that it is indeed possible to obtain high-resolution images of the spatial variation of the electrostatic potential of the cell surface (i.e. the outer bilayer leaflet of the plasma membrane). The fine detail in this image is striking, as it illustrates the heterogeneity of the potential and there are clearly a number of 'hot' and 'cold' spots of electrical potential. In common with a number of other cells which have been imaged in a similar way, perhaps the most striking feature of this image is a 'collar' of electropositive potential which seems to partially encircle the nuclear region. In fact, comparison of the 'electrostatic' image with that of the bright field (image) indicates that this collar is associated with the trans-Golgi apparatus and rough endoplasmic reticulum (ER) near to the nucleus. One possible explanation of this phenomenon, therefore, is that newly synthesized proteins may have been inserted into the plasma membrane and perhaps the punctate electrostatic 'hot' spots around the periphery of the cell also reflect new protein/vesicle insertion into the plasma membrane. By carefully calibrating the imaging system to extend the interpretation, it has proved possible to utilize the FPE fluorescence signals in a quantitative mode. Thus, as the signals may change during (say) protein binding to parts of the cell surface, and as long as the net charge on the protein is known, it is possible to deduce the number of protein molecules which have become bound. This is also shown in Figure 3 , therefore, in which the number of molecules of albumin that become bound to localized regions of the cell are visualized. The implication is that these are receptormediated binding events and it is feasible to visualize single molecule binding and tracking events. These are clearly exciting prospects which offers a new kind of imaging technology to address biological problems; applications of this have included studies of localized interactions of a number of important proteins (e.g. [4] ). Similar studies have been undertaken with the fluorescent probes of the dipole potential and a number of articles are in the process of being published (see [32] ).
Membrane potentials and cellular function
The various electrical potentials associated with membranes are involved in a large number of cellular processes and underline the opening comments that membranes are very much more than permeability barriers. In fact, membranes offer biology (and evolution in particular) all the possibilities of surface chemistry and physics, as well as chemistry with an additional dielectric phase over and above that provided by solution biochemistry, or on a much larger scale than that offered by the microdomains within proteins (e.g., as within the active sites of enzymes or antibodies). The trinity of electrical potentials as emergent properties The upper image indicates a spatial image of the membrane surface potential of the plasma membrane of a single fibroblast as revealed by the fluorescence intensity of FPE. The outer-bilayer leaflet of the plasma membrane of a fibroblast cell line was labelled with the fluorescent probe FPE, as described by Cladera and O'Shea [4] . FPE was excited at 490 nm and fluorescence collected above 518 nm. The image was obtained using an inverted fluorescence microscope coupled to a high-resolution CCD camera (collected with the help of Dr G. Georgiou). The image has been corrected for any heterogeneity of the probe labelling densities. The smaller images indicate a bright-field image (LHS) and fluorescence images taken before and after the addition of 4 mM Ca 2+ . The lower image (LHS) indicates an image collected in a similar fashion of a single human umbilical vein endothelial cell (HUVECS). In this case, however, the image is a difference image of the HUVECS before and after treatment with 5 µM human serum albumin (collected with the help of Dr N. Chadborn). The lower (RHS) image indicates the same image with quantification of the number of albumin molecules bound to specific locations on the cell surface on the ordinate axis (for further details, see [4] ).
of membranes offer many additional possibilities to be exploited by evolution for biological sophistication. Of these potentials, the monumental role that the transmembrane potential difference φ m plays in cell physiology is well documented in numerous reviews and several monographs (e.g. see [14] ), and does not need dwelling on further in this review. In addition to φ m , therefore, the notion that the membrane surface potential φ s plays important roles in cell function is also recognized both with specific effects, for example, on ion channel activity, as well as in more global manifestations [15, 16, 33] . In terms of the latter, plasma membranes, for example, tend to possess a net negative charge so electrostatic repulsion between the plasma membranes of separate cells would seem to be the most obvious manifestation of the effects of a significant surface potential. Such repulsion, for example, contributes to prevention of aggregation of erythrocytes [16] . Examples of the former include suggestions that electric fields on the surface of biological membranes may influence the conformation and activity of many surface-located molecules, including proteins [15, 19] . Similarly, the surface potential appears to influence strongly interactions of macromolecules with the membrane surface; work in our laboratory directed towards elucidating these topics can be found in some of the recent publications cited in this review.
Finally, consideration of the possible roles that the dipole potential φ d may play in cellular physiology needs consideration. To date, the effect of membrane dipoles has been shown to influence the translocation of hydrophobic ions through lipidic bilayers [34] . It has also been found that preparations of phospholipid membranes supplemented with a number of different sterols cause changes in φ d in a controlled manner ( [23] ; also see Figure 2 ). Thus phloretin, a sterol analogue that significantly reduces the magnitude of the dipole potential, was found to increase the translocation rate of hydrophobic cations whilst decreasing the rate for anions. On the other hand, KC, which increases the dipole potential, affects the translocation rates of hydrophobic ions in a direction opposite to that of phloretin. Since the possibility was raised that the membrane dipole potential φ d may have important influences on cellular function (e.g. [23] ) rather than just being a curiosity of model membranes, we have found that by manipulating φ d it is possible to affect the extent of the penetration of peptides within membranes and perhaps more importantly, the manner in which they adopt different secondary structures [19] . The interesting additional possibility exists, therefore, that by controlling the magnitude and directions of membrane dipoles in a systematic manner, their influence on proteinprotein interactions may be explored. There have also been other studies on this relationship with examples of peptides and proteins such as gramicidin [35, 36] , phospholipase A [37] , and most recently in vivo with p-glycoprotein (T. Asawakarn, I. Kerr and P. O'Shea, unpublished work).
These studies illustrate the effect of φ d on peptide structure and function and, together with the reported ability of sterols to modify φ d , point to an interesting proposition that would be of general biological importance for the behaviour of membrane proteins within the cholesterol-rich microdomains referred to as 'rafts'. These structures are thought to function by preferentially associating with specific proteins while excluding others, and have been implicated in membrane sorting in polarized cells, endocytosis and signal transduction from cell surface receptors and entry of viruses into the cell [1] [2] [3] . It is known that depletion of cholesterol inhibits some signalling processes associated with rafts and the sorting of apical membrane proteins and apically secreted glycoproteins. Cholesterol is thought to act as a linker for the different raft components promoting segregation from a liquid 'gel' phase to a crystalline ordered phase [2] . The relationship between the dipole potential and peptide-membrane interaction adds an additional property to be taken into account. Thus sterols within the raft structure are likely to significantly alter φ d compared with that of the surrounding lipid. It seems most likely therefore, that the partition and conformations of raft-associated proteins in either side of the membrane and of receptors, particularly GPCRs, within the plasma membrane will respond to the magnitude of the local dipole potential of the membrane raft [23] . It is worth bearing in mind also that, whereas the raft structures are likely to alter the properties of proteins and peptides resident within the microdomain, contact with proteins/peptides themselves may also alter the local dipolar properties of the region of membrane to which they interact, a process that may perhaps elicit formation of a raft structure and offer clues to their biological control.
